Objective. To evaluate the intima-media thickness (IMT) of arteries involved in GCA for determining cut-off values.
Introduction
GCA is the most common form of systemic inflammatory vasculitis in adults. Since the temporal arteries are often inflamed, GCA has commonly been termed temporal arteritis. With increased use of imaging, including US, MRI, MR-angiography, CT, CT-angiography and PET in combination with CT (PET-CT), it has become clear that extracranial arteries are frequently involved [13] . Extracranial GCA with axillary involvement is referred to as largevessel GCA [4] . Typical symptoms of temporal arteritis are new, permanent, bitemporal headache; jaw claudication; scalp tenderness and thickened, indurated, temporal arteries on physical examination.
Temporal artery biopsy is still commonly performed in suspected GCA [5] . However, biopsy is invasive; results are rarely available before 1 week; it lacks sensitivity, particularly in large-vessel GCA; and it is far more expensive than US [6] .
In case of acute temporal arteritis, US shows a concentric hypoechoic wall swelling due to oedematous inflammatory artery wall swelling. This phenomenon has also been called 'halo sign' [7] . The authors started replacing temporal biopsy in most cases after having performed 750 examinations, including 100 examinations of patients with acute GCA, because US together with clinical examination showed a very high specificity of 99.5% [8] . The authors offer a fast-track clinic for patients with suspected GCA within 24 h on working days.
Increasing resolution of modern US probes allows delineating and measuring the intima-media thickness (IMT) in temporal and facial arteries. No data have yet been published on IMT measurement in temporal, facial and axillary arteries in GCA patients compared with controls. This study aimed to determine the IMT of normal and vasculitic arteries and establish cut-off values.
Methods
Forty newly diagnosed GCA patients in a rheumatology tertiary care centre with a fast-track GCA clinic and 40 ageand sex-matched controls were included between October 2014 and December 2015. The diagnosis of GCA was established by two experienced rheumatologists (W.A.S. or A.J.). The following inclusion criteria were applied: age 550 years, history of ESR 550 mm/h (normal <11) or CRP 524 mg/l (normal <5), cranial symptoms of GCA (new-onset localized headache, temporal artery tenderness, vision loss, jaw claudication), PMR symptoms (shoulder and/or hip girdle pain) and US positive for GCA. Three of five criteria had to be fulfilled. W.A.S. and A.J. have performed >5000 and >1000 US examinations of temporal and axillary arteries, respectively. The diagnosis remained unchanged in all patients after 6 months. Inclusion criteria for patients were a new diagnosis of GCA within the last 24 h and written informed consent for participating in the study.
Other patients from the Medical Centre of Rheumatology were asked to serve as controls. Inclusion criteria for ageand sex-matched controls were age 550 years and written informed consent for participating in the study. Body weight and height were assessed in a standardized manner. The study was approved by the local ethics committee (Ä rztekammer Berlin, trial number Eth-22/14).
US examination
US of the right and left common superficial temporal arteries, frontal and parietal branches, facial arteries and axillary arteries was performed by two sonographers with 22 years (W.A.S.) and 5 years (V.S.S.) experience. In total, IMT measurement was performed at 800 sites.
All US examinations were performed with an Esaote MyLab Twice eHD US machine built in 2014. The common superficial temporal arteries with their frontal and parietal branches were bilaterally examined with a 1022 MHz probe with the following standardized machine settings: B-mode frequency, 22 MHz; image depth, 8 mm. One focus point was positioned either at 2.5 mm or at 5.5 mm below the skin surface, depending on the depth of the respective segment. The settings were identical for the facial arteries, with the focus point position at 5.5 mm below the skin surface.
A 618 MHz probe was used for examining the axillary arteries with the following standardized machine settings: B-mode frequency, 12 MHz; image depth, 2.2 cm; one focus positioned at 1.5 cm below the skin surface. If the axillary artery was localized deeper, the image depth was increased to 3.2 cm and the focus point position to 2.9 cm below the skin surface.
IMT measurement was performed for the common superficial temporal artery in the segment parallel to the skin surface, 1 cm distal from the point where the artery appears from deeper levels. It was performed for the frontal and parietal branches 1 cm distal to the bifurcation, for the facial arteries at the level of the middle of the mandibular bone and for the axillary arteries at the level of the middle of the humeral head. Measurements were performed in millimetres on the wall distal to the probe at the defined anatomical area on longitudinal images in systole. A single measurement was performed for each segment. Probe pressure was high enough to provide good visibility of the arteries but low enough to avoid vessel compression.
IMT was measured from the luminal-intimal interface to the medial-adventitial interfaces. Figure 1AC shows IMT measurements in normal superficial temporal, facial and axillary arteries, respectively. Figure 1DF shows IMT measurements in the respective arteries in GCA patients. In order to calculate interrater reliability W.A.S. and V.S.S. independently performed US, including IMT measurements, in 10 GCA patients and 10 controls.
Statistical analysis
The mean IMT values of the respective arteries were compared between controls and patients with active vasculitis of the corresponding artery by MannWhitney test (nonnormal distribution). This comparison was performed with the 40 controls included in the study as the comparator. The number of patients with vasculitis of a given segment varied, as the same patient could have more than one involved segment with vasculitis. Receiver operating characteristics analysis was performed to determine the best cut-off value for IMT, balancing sensitivity and specificity, to discriminate between a normal and a vasculitic artery. The best cut-off was chosen based on the highest sensitivity and specificity, as well as the proportion of correctly classified cases. Analyses were conducted at the patient level, for the left and right sides separately as well as together. Interrater reliability was assessed by calculating the intraclass correlation coefficient. Calculations were performed using STATA version 12 (StataCorp, College Station, TX, USA).
Results
Both groups consisted of 40 participants each and included 27 females, with a mean age of 72 years (S.D. 9).
GCA patients had a mean height of 167 cm (S.D. 8) with a mean weight of 68.5 kg (S.D. 11.1), while controls had a mean height of 165 cm (S.D. 8.2) and a respective mean weight of 75.8 kg (S.D. 14.1). Nine patients had received glucocorticoids (GCs) >5 days before diagnosis, while the remaining were GC naïve.
The control group consisted of patients with RA (n = 14), OA (n = 8), FM (n = 8), CTDs (n = 7), anaemia, Lyme disease and gout (n = 1 each).
Of the 40 GCA patients, 22 (55%) had indurated temporal arteries and 16 (40%) had symptoms of PMR. The mean duration of symptoms was 15 weeks (S.D. 19). Twenty-eight patients (70%) described headache and 17 (43%) had jaw claudication. The mean ESR was 82 mm/h (S.D. 28) and the mean CRP was 107 mg/l (S.D. 79). Three patients had temporal artery biopsy after the US examination, which was positive for temporal arteritis in two patients and negative in one. The patient with negative temporal artery biopsy displayed typical axillary arteritis. Five patients (13%) had visual impairment. The mean body weight of patients was significantly lower than the mean body weight of controls (P = 0.0018). Patients had lost a mean of 3.9 kg between disease onset and diagnosis. Twenty-seven patients (68%) fulfilled the ACR 1990 criteria [9] . All patients except one who did not fulfil the ACR criteria had large-vessel GCA. This patient was a 77-year-old male with PMR symptoms and CRP of 93 mg/l in whom US of the temporal and facial arteries was positive for GCA.
The detailed results for arteritic involvement, IMT measurements and the calculated cut-off values in GCA patients and controls are summarized in Table 1 . No overlap between patients and controls occurred in the common superficial temporal arteries, the frontal branches or the axillary arteries. One control has had bilateral temporal artery biopsies of the parietal rami, therefore only 78 parietal rami of controls could be used for the statistical analysis. If IMTs were applied for diagnosis, all control patients would have been adequately diagnosed, except for one patient with IMT of the left facial artery (0.42) above our defined cut-off of 0.40, which was visually graded as non-vasculitic. IMT values were not associated with age, sex, height or weight. The result of the interrater analysis between W.A.S. and V.S.S. revealed all measurements with an intraclass correlation coefficient between 0.87 and 0.98. Details are shown in supplementary Table S1 , available at Rheumatology Online.
Discussion
Only a few US studies on GCA have included IMT measurement. In the first study on temporal artery US we measured the wall thickness of the frontal and parietal branches of the temporal artery. However, this measurement included both the total arterial wall and the temporal fascia. Diameters were 0.95 mm for patients with temporal arteritis and 0.7 mm for controls [7] . In the early 1990s, US equipment did not allow IMT measurement of the temporal or facial arteries alone. A few other authors suggested cut-off values for IMT of the temporal arteries of 0.3 mm [10] , 0.4 mm [11] , 0.5 mm [12] and 1.0 mm [13] without having performed a study to evaluate these cut-off values.
Previously a cut-off value of 1.5 mm for the IMT of axillary arteries was defined [14] . This was done in order to guarantee a high specificity for the US examination. Other authors have suggested cut-off values for IMT of the extracranial arteries, including the axillary arteries, of 1.3 mm [15] and 2.0 mm [16] . Again, no study had been performed to formally and properly evaluate these cut-off values.
The temporal and axillary arteries were included in this study, as these arteries are routinely examined in suspected GCA. Furthermore, the facial arteries were added, as they are also often involved in GCA [17] ; and IMT is easily visible with the US equipment used in this study.
Definition of the gold standard for the diagnosis of GCA has become difficult since an increasing number of patients are diagnosed by clinical presentation together with imaging. Furthermore, the 1990 ACR classification criteria www.rheumatology.oxfordjournals.org are inadequate for large-vessel GCA, as they focus mainly on temporal arteritis. The GCA patients weighed 7.3 kg less than the controls in this study and the difference was significant (P = 0.018). This difference can be partially explained by the fact that the GCA patients had lost 3.9 kg between disease onset and diagnosis due to inflammation [18] . Furthermore, recently an inverse relationship between BMI and the risk of subsequent development of GCA has been described, which is underlined by our observation [19] .
This study has some limitations. First, when evaluating two sides of the same person, they are no longer independent. The sonographer's measurement of the second side is likely influenced by the first. Therefore the analysis was also performed separately for each side, but the results were similar. A single cut-off value for each vessel independent of the side is more feasible for clinical practice. Second, US measurements could not be performed independently, as sonographers were not blinded to the clinical information and nine patients received GCs >5 days before diagnosis, which could have influenced the results. Third, controls were not healthy individuals, but were patients without GCA from a rheumatology unit. US probes of >20 MHz are less commonly used in clinical practice than probes of <20 MHz, however, these probes are becoming increasingly available.
US has already become an important tool in the diagnosis of GCA. The US diagnosis still mainly relies on morphology, that is, the presence of an incompressible hypoechoic thickened artery wall ('halo sign'). With the increasing spatial resolution of US equipment, exact IMT measurements of temporal and facial arteries is possible.
IMT cut-off values may additionally help in the diagnosis of GCA. Longitudinal studies are needed in order to determine IMT values for disease monitoring. 
